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Abstract. In vitro propagation through somatic embryogenesis constitutes one the main 
concerns of the current vegetal biotechnologies. The regeneration system of vitroplants by means of 
somatic embryogenesis eliminates their sequential regeneration, because it allows the simultaneous 
induction and materialization both of the root pole and of the radicular pole [8]. 
The use of exogenous phytohormones in modeling the morphogenetic processes performed 
through cultures of cells and tissue in plants constitutes a renowned practice in the specialty literature. 
In the case of somatic embryogenesis, the specialists recommend the sequential use of cytokinins and 
auxins. 
Considering the above information and taking into account the fact that the profitability of an 
in vitro multiplication protocol depends mainly on the shortening of the growing period, we studied 
the unitary involvement of the ratio between auxins and cytokinins as a primordial element in 
achieving the states of induction, competence and determination for directing somatic embryogenesis 
in the red beet (Beta vulgaris subsp. vulgaris var. vulgaris Red Ace and Beta vulgaris subsp. vulgaris var. 
vulgaris Cylindra). The best embryogenetic answer was recorded for the experimental variant that 
combined BAP cytokinine and ANA auxine, in quantities of 0.5 mg/l respectively 0.2 mg/l, and the 
cotyledon type explant. 
 




The plants continue to be the main natural source of substances used in noninvasive 
medicine that observes the optimum functioning principles of the human body [6]. Among the 
plants that constitute such sources is the red beet (Beta vulgaris L.). Also, the red beet (Beta 
vulgaris subsp. vulgaris var. vulgaris Red Ace and Beta vulgaris subsp. vulgaris var. vulgaris 
Cylindra), together with other cultivars of the Beta vulgaris L. species [5], constitutes source 
of raw materials for the food industry and zootechny [6].  
The propagation of plants of economic interest constitutes a permanent concern both 
for researchers and for growers. Among the most efficient plants propagation possibilities are 
the vegetal biotechnologies. The modern techniques used by vegetal biotechnologies offer a 
series of advantages that overcome the conventional techniques of widespread propagation of 
plants of interest, for example: propagation of plants through in vitro cultures allows 
independence from climate factors, non-contamination with residues of soil or air, control of 
the morphogenetic processes, the shortening of the time needed for obtaining the material 
necessary for establishing the plantation in the field etc. [7]. 
As a result, our research aimed at obtaining an efficient in vitro propagation protocol 
through somatic embryogenesis in two cultivars of red beet (Beta vulgaris subsp. vulgaris var. 
vulgaris Red Ace and Beta vulgaris subsp. vulgaris var. vulgaris Cylindra). 
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MATERIALS AND METHODS 
 
The biological material used was obtained from a commercial source and it consisted 
of garden beet (Beta vulgaris L.) varieties recognized as vegetables plants by roots [4]. Beta 
vulgaris subsp. vulgaris var. vulgaris Red Ace and Beta vulgaris subsp. vulgaris var. vulgaris 
Cylindra were from the category of the cultivated plants, both as vegetables plants. The 
criterion selected as distinctive element between the two cultivars was the shape of the root, 
respectively, round for Beta vulgaris subsp. vulgaris var. vulgaris Red Ace and elongated for 
Beta vulgaris subsp. vulgaris var. vulgaris Cylindra. The primary source of explants 
(hypocotyl, epicotyl, cotyledon, radicle) consisted of plantules obtained through the 
germination of seeds under in vitro conditions. 
Method for surface aseptisation of the vegetal biological material. In order to perform 
a surface aseptisation as efficient as possible, the following proceeding was tested: the 
maintenance of the seeds under a continuous cold tap water jet for 1 hour; the aseptisation of 
seeds by treatment using ethylic alcohol (C6H12O6) 80% (30 sec.) and sodium hypochlorite 
(NaClO) 1.5% (30 min.) – [9].  
The removal of the toxic signs of the chemical aseptisation agent was made, for 
aseptisation treatment, by means of 3 successive washings with aseptized distilled water, 
for 10’ for each washing [1, 2], in conditions of continuous stirring.   
Artificial nutritive mediums used for the study regarding the in vitro propagation by 
somatic embryogenesis at Beta vulgaris L., were based on the nutritive formula of the 
Murashige and Skoog medium [11], supplemented with agar 8 g/l and sucrose 30 g/l. Starting 
from this basic medium, there were selected some variants of nutritive mediums, the 
composition of which was different from the point of view of the phytohormons contents, 
respectively cytokinins (BAP or TDZ – Table 1) and auxins (NAA or IBA – Table 1), [1, 2, 9, 
13]. The pH values of the nutritive mediums were adjusted to 5.3 before the autoclaving.  
 
Tab. 1 
Variants of nutritive mediums tested for performing the somatic embryogenesis with a view  
to the in vitro propagation at the Beta vulgaris L. 
Abbreviations: MS  = Murashige and Skoog (1962); SE = somatic embryogenesis; BAP = 6-benzylaminopurine; 
TDZ = 1-phenyl-3-(1,2,3 thiadiazol-5-yl)urea; NAA = α-naphthaleneacetic acid; IBA = indole-3-butyric acid. 
 
Culture conditions used for the study regarding the in vitro propagation by somatic 
embryogenesis at Beta vulgaris L. The inoculated seeds and explants were incubated at the 
temperature of 23oC ± 2oC during the lighting period and 20oC ± 2oC during the darkness 
period, with a photoperiod of 16 h light and a luminous intensity of 1700 luxes. The 
subcultivations were made periodically at 2-4 weeks intervals [12]. 
The acclimatization of the vitroplants of Beta vulgaris L. in ex vitro conditions was 
made by gradually increasing the relative air humidity inside the culture vessels for a period 
of 8 days. After the 15 days as from the beginning of the acclimatization, the Beta vulgaris 
subsp. vulgaris var. vulgaris Red Ace and Beta vulgaris subsp. vulgaris var. vulgaris Cylindra 
Cytokinins (mg/l) Auxins (mg/l) Variants of nutritive  
mediums  BAP TDZ NAA IBA 
MS ES 0 0.0 mg/l 0.0 mg/l 0.0 mg/l 0.0 mg/l 
MS ES 1 1.0 mg/l 0.0 mg/l 0.5 mg/l 0.0 mg/l 
MS ES 2 0.0 mg/l 1.0 mg/l 0.0 mg/l 0.5 mg/l 
MS ES 3 0.5 mg/l 0.0 mg/l 0.2 mg/l 0.0 mg/l 
MS ES 4 0.0 mg/l 0.5 mg/l 0.0 mg/l 0.2 mg/l 
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vitroplants were transferred in plastic containers (glasses) containing a nutritive mixture 
consisting of peat and sand in a proportion of 1:1. The nutritive substrate was aseptised by 
90’ autoclaving at t° = 121º before being used. 
Each experimental variant consisted of 3 repetitions and the experiments were 
repeated 2 times. The measurements were made for each individual inoculate. There 
were determined the average value and the standard deviation for each parameter 
analysed, at variants as compared to the control found in the same conditions. The 
statistical processing of the results was made and construed by means of the Student (t) 
test. 
 
RESULTS AND DISCUSSION 
 
The in vitro systems allow the study of the cells’ competence to induce and generate 
embryonic first leaves, which present an organized growth according to the rules of integrity 
and homeostasis specific to the origin organism. 
The microbian contamination represents one of the barriers in the way to establish in 
vitro viable cultures at plans. In order to establish the cultures and reduce the risk of affecting 
the morphogenetic capacities of the explants inoculated as starter structures, their harvesting 
was performed at the level of the plantules obtained through the in vitro germination of the 
seeds. In addition, the use of explants from the level of plantules constitutes in the specialty 
literature a devoted was of more rapidly capitalizing on the vegetal morphogenetic potential. 
Our experimental results registered by performing this study present influence of the 
external cytokinins (BAP or TDZ) and auxins (NAA or IBA), added in the composition of the 
nutritive medium Murashige & Skoog (1962), in managing the in vitro propagation process at 
two Beta vulgaris L. varieties (Beta vulgaris subsp. vulgaris var. vulgaris Red Ace and Beta 
vulgaris subsp. vulgaris var. vulgaris Cylindra).  
In our experiments, the processes of induction and generation of embryogenesis from 
inoculated explats of cotyledon type for cultivar Beta vulgaris subsp. vulgaris var. vulgaris Red 
Ace presented values of 38% / MS SE1, 21% / MS SE2, 42% / MS SE3 and 7% / MS SE4. 
And for cultivar Beta vulgaris subsp. vulgaris var. vulgaris Cylindra, using also inoculated 
products of cotyledon type, the processes of induction and generation of embryogenesis had 
as results values of 47% /MS SE1, 26% /MS SE2, 53% /MS SE3 and 11% /MS SE4 (tab.2). 
 
Tab. 2 
Frequency of the initiation and proliferation of embryogenesis 
from cotyledon type explants harvested from Beta vulgaris L. 
Abbreviations: MS =Murashige and Skoog (1962); SE=somatic embryogenesis;  -=lack of reactivity; 
*=insignificant reactivity; **=significant reactivity; ***=distinctly significant reactivity;  
****=very significant reactivity. 
Variants of nutritive mediums 
                                                        Semnification 
Cultivars 
MS SE0 MS SE1 MS SE2 MS SE3 MS SE4 
Beta vulgaris subsp. vulgaris var. 
vulgaris Red Ace    
 0% 
      
            - 
38% 
          
        *** 
21% 
        
         ** 
42% 
        
       *** 
7% 
         
         ** 
Beta vulgaris subsp. vulgaris var. 
vulgaris Cylindra   
0% 
            
            - 
47% 
           
         *** 
26%   
          
         ** 
53% 
        
      **** 
11% 
        
          ** 
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Thus, the percentage of inoculated products / nutritive medium for which it was 
obtained embryogenesis on explants of cotyledon type in cultivar Beta vulgaris subsp. vulgaris 
var. vulgaris Red Ace varied between 7 – 42%, with the highest values (42%) on an artificial 
nutritive medium (MS supplemented with BAP 0.5 mg/l and NAA 0.2 mg/l), characterized by 
the presence of phytohormones in small quantities. Seen comparatively, the cotyledon type 
explants coming from cultivar Beta vulgaris subsp. vulgaris var. vulgaris Cylindra proved to be 
much more reactive, this percentage having a variation range between 11% and 53%, with the 
highest values (53%) also on the artificial nutritive medium MS SE3.  
Since at the level of explants of type hypocotyl, epicotyl or radicle no embryogenetic 
processes were generated, and in case of cotyledon type explants there are variations of the 
achievement percentages of somatic embryogenesis, a variation of the evolution of the 
initiation and generation processes of the somatic embryos can be noticed, depending both on 
the phytohormonal supplement administered exogenously through the composition of the 
artificial nutritive medium, and on the type of the inoculated product grown in vitro.  
Comparatively analyzing our data with the results of other authors, we can mention 
that they are in many regards similar to those reported internationally, aiming at the initiation 
and proliferation of somatic embryogenesis in Beta vulgaris L. [9; 10; 14]. 
At the same time, our research comes to complete with new elements the existing 
knowledge regarding this species, by studying the in vitro reactivity of the two cultivars, not 
analyzed previously (Beta vulgaris subsp. vulgaris var. vulgaris Red Ace and Beta vulgaris 
subsp. vulgaris var. vulgaris Cylindra), and through the recommendation to combine the 
exogenous phytohormones (respectively an auxinic source and a cytokininic source), 
throughout the in vitro growth. The data in the specialty literature do not recommend the 
combining of these two exogenous sources of phytohormones for the stage of inducing 
somatic embryogenesis. But, the experimental data obtained as a result of the experiments 
performed by us proves precisely the making of the work protocol more efficient by 
combining the two exogenous sources of phytohormones from the stage of inducing somatic 
embryogenesis.  
In the case of the structurally and functionally specialized cells it is necessary the 
their determination in specific molecular contexts, in order for them to become again, by 
dedifferentiation, able to show features specific to the pluripotent meristemetic cells 
(Fig. 1). By cytodifferentiation it is possible the modelling of the pluripotency character, 
under the aegis of the endogen factors and under the direction of the externalous factors, 
so that the vegetal cells become elements of certain somatic embryogenesis development 
program (Fig. 2). 
 
 
  a            b 
Fig. 1. Explants of Beta vulgaris subsp. vulgaris var. vulgaris Red Ace (a) and of Beta vulgaris subsp. vulgaris  






  a              b 
Fig. 2. Morphogenetic cultures of Beta vulgaris subsp. vulgaris var. vulgaris Red Ace (a) and of Beta vulgaris 
subsp. vulgaris var. vulgaris Cylindra (b) in the development stage of somatic embryos (somatic embryogenesis) 
 
The induced somatic embryos, generated and developed through adventitious 





Fig. 3. Morphogenetic cultures of Beta vulgaris L. in the stage of the conversion  
of somatic embryos in viable plants 
 
The morphogenetic cultures from which the embryos somatic were harvested 
continued to generate somatic embryos for several months. 
 
  a                b 
Fig. 4. Viable vitroplants of Beta vulgaris subsp. vulgaris var. vulgaris Red Ace (a) and of Beta vulgaris 
subsp. vulgaris var. vulgaris Cylindra (b), before the acclimatization stage  
 
The vitroplants of Beta vulgaris subsp. vulgaris var. vulgaris Red Ace (Fig. 4. - a) and 
Beta vulgaris subsp. vulgaris var. vulgaris Cylindra (Fig. 4. - b) obtained by somatic 
embryogenesis, were acclimatized to ex vitro conditions. For Beta vulgaris subsp. vulgaris 
var. vulgaris Red Ace the acclimatized vitroplants percentage successful to ex vitro 
conditions was of 82%, while for Beta vulgaris subsp. vulgaris var. vulgaris Cylindra it was 







The induction, generation and development of embryogenic phenomena in Beta 
vulgaris subsp. vulgaris var. vulgaris are aspects that can materialize by means of using 
adequate combinations between different phytohormones. 
The inoculated products that achieved somatic embryogenesis were of cotyledon type, 
which recommends this type of inoculated explant as an optimum source of somatic embryos, 
both for cultivar Beta vulgaris subsp. vulgaris var. vulgaris Red Ace and for cultivar Beta 
vulgaris subsp. vulgaris var. vulgaris Cylindra. 
The use of the experimental variant that combines cytokinine BAP 0.5 mg/l and 
auxine NAA 0.2 mg/l has generated the best embryogen answer at the level of cotyledon type 
explants. 
Our experimental research completes with new data the picture of in vitro propagation 
in Beta vulgaris subsp. vulgaris var. vulgaris and demonstrates that this multiplication method 
is feasible for the two cultivars studied, which have as distinctive element the shape of the 
root, respectively round (Beta vulgaris subsp. vulgaris var. vulgaris Red Ace) or elongated 
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